CEBS goals

A high quality public knowledgebase that aims to:

Create a reference toxicogenomic information system of studies on
environmental chemicals and stressors and their effects (a public
resource for the scientific community).

Develop relational and descriptive data compendia on
toxicologically important genes, groups of genes, SNPs, mutants
and their attributes across species that are relevant to human
health and environmental disease.

Support hypothesis-driven and discovery research in environmental
toxicology - and the research needs of risk assessment.

Create a vehicle for the evolution of “systems toxicology”.
ldentify molecular pathways leading to disease

Improve ability to extrapolate from animal studies to probable
human effects

Provide better understanding of gene-environment interactions in
human disease
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Welcome to the National Institute of Environmental Sciences (NIEHS) National Center for
Toxicogenomics (NCT) Chemical Effects in Biological Systems (CEBS) knowledgebase.

*Query / Filter CEBS to Select Data of Interest:

&
s = e.g. select by stressor type, summary phenotype, species, key words, etc.
© First by Individual Subject Characteristics
= e.g. select by toxicity endpoint, other characteristics of the subject
@=7

* Display / Analyze Data in CEBS:
© Display All Investigations/Studies currently in CEBS
© Analyze Microarray (go directly to the microarray data without selecting first)
© Browse Proteomics (go directly to the microarray data without selecting first)

You can use any or all these ways to reach the data in CEBS.  Wiew all the data, or use the filters
to select studies or individual subjects of interest. Once you have selected, you can continue filtering
ar wiew f analyze the data associated with the subjects you have selected.

SAIC

USING CEBS TODAY.......
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ick on Microarray to accegs the CEBS Microarray Site
Click o

0 access the CEBS Proteomics Site (Under Construction)

YWelcome to the MNational Institute of Environmental Sciences (MEHS) Mational Center for Toxicogenomics (MCT) Chermical B
base. The knowledge base is still a work in progress but as we move foreard, more and more features will be available to the

The MIEHZ and MCT are warking to help the field of environmental health research evolve into a knowledge-based science in v
and informatics tools will play & significant role in improving our understanding of toxicant-related disease. The Chemical Effec
for high quality data that is publicly accessible in a relational database that is compatible with standard laboratory output plat
strategic toxicogenomics experimental design and conduct. Standardized procedures, protocols, data formats, and assessm
unifarem high level of quality. Raw data sets from MCT experiments will be available in their entirety,

*http://cebs.niehs.nih.gov/ ==
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toxicogenomics data.

Future promises of CEBS include:

# [Developing large context-annotated datasets that allow precise definition of biologicaltoxicological ps
biomarkers.

Linking genamic sequence to expression data to determine those genes that may be respaonsible for
Increasing the interpretahility and dimensionality of expression data by including data fram new types
Aiding in development of new algarithms and computational tools that allow predictive modeling of ge
The CEES knowledge base will support research that promotes mechanistic understanding of envirar
mechanistic knowledge will make predictive toxicalogy possible and impraove exposure assessment =
& The ultimate goal of the MCT, therefare, is to create a knowledgebase that allows environmental healt

prevent adverse environmental exposure in the 21st century.

CEBS will store data from both microarray and proteomics experiments (see the labeled buttons above - currently only the M
The database is designed to hold data that is public (that which has been published or released by the submitting investigatol

rithliched nr raleazedt At thic tirmme there s in nohlicly arcessihle data awvallahla
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CEBS Microarray Home

From this page, you can submit microarrsy data and experirment information, or search and anakyze existing tox

Submit Microarray Data and Experiment Information
Contribute your toxicogenomics microarray exXperiments here and join our community of contributing scientists.

Step-by-step instructions for experiment subrmissions that encompass all MIAME aspects, including processed &
for download or on-line viewing.

Please select one of the following options:

Tutorial: ‘view a Detailed Tutorial regarding experiment submissions to CEBS.

Prereguisites: “iew step-bn-step prerequisites and required data for an experiment submis

Submit Experiment: Forexperienced users, go directly to Experiment submission. (Requires Log

Restart Submission: Restart a previous, partially completed experiment subrission. (Regquires Le

Add/Replace Hybridizations: Add or replace hyhbridizations associated with an experiment. (Requires Logi

Other MIAME Data: Submit Chip Design, Hardware, Software, or Protocol descriptions.

Search and Analyze Microarray Data

Search and analyze toxicogenomics microarray experiments submitted by fellow scientists. You may either dow
toxicogenomics microarray EXperiments with a growing set of microarray analysis features in CEBS.

Ml = FMallasisisca s Mo mdtsise e mus Assmilmbalas
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Welcome to CEBS Microarray Analysis page!l CEBS provides an integrated solution for viewing and anz
platforms. Currently, the following major functionalities are supported by CEBS Analysis Tools:

Microarray Home

Submit Experiment Data Preprocessing
Data Comparison
Search and Analyze Diata Yisualization

Identification of Differentially Expressed Genes
Gene Category Analysis by BioCarta Pathuays
Gene Categary Analysis by KEGG Pathiays
Gene Categary Analysis by Gene Ontology (GO)

Documentation Center

To begin data viewing & analysis with these tools, please select experimental data first

S Search Experimentis

@7
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MEroR o HOmE Ivestigatar's Name |f-\|l j
Submit Experiment Experiment Title | Al
Search and Analyze
Documentation Center Tissue Name IA” j
Species Al -
Image Processing Software I,.-'-KII Microarray j
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The experiment search returns 4 record(s)

: Fleaze use check hoxes below to select experiment(s), then click on "Wiew Details about Selected Experiment{s)" for Analysis as well:
Microarray Home
Submit Experiment gy
Search and Analyze ' Eagiariment Investigator Experiment Title Image Processing I
1D Software
HesumetaliiCenter Alexandra Gene Expression Profiling of F344/M Rat Livers After Acute .
AR ARARRER ; ; Agilent
. | Heinloth Acetaminophen Exposure
|mp0rtant- £ Alexandra Gene Expression Profiling of F344/M Rat Livers After Acute ;
i 144 ; ; Affyrmetrix
Heinloth Acetaminophen Exposure
[T |525052561 Robet'Williams |Mouse QTL strains - hematopoetic stem cells Affyrmetrix
[ 274020045 FobertWilliams |Mouse QTL strains - forebrain Affyrmetrix

e
@< .

n Yiew Details abo@t Selected Experimentis)

To learn about the data



Microarray Home
Submit Experiment
Search and Analyze

Documentation Center

@s7

Brief View
o Click on "Experiment D" to view experiment information repaort in the Detailed Wiew.

o Multiple experiments can he anahzed together, ifthey have same platform & matched array design (D0,

& Foranalysis, use the check hox below to select experiment(s), then click an "Analze Selected Experiment(s)”.

Analyze EREEIIIE Investigator Experiment Title lipife 17
ID Soft
137 4RERER Ale_}{andra Gene Egpressmn Frofiling of F344/M Rat Livers After Acute Agilent
- Heinloth Acetaminophen Exposure
577393544 AIE_}{andra Gene Egpressmn Profiling of F344/M Rat Livers After Acute Affymetri
- Heinloth Acetaminophen Exposure
important! Analyze Selected Experiffent(s)

Detailed View

Gene Expression Profiling of F344/M Bat Livers After Acute Acetaminophen

Experiment ID 482465666

Investigator Hame Alexandra Heinlath

Organization MCT

Experiment Type Treatmentvs. Untreated Comparison
Species [Rat]

Tissue(s) [Liver left lateral labe]

Image Processing Software Agilent

Array Design Name Fat Oligo Microarray

Array Design 1D 274252003

Stressor Nameis) Acetaminophen

Experimental Variable(s) Acetaminophen (Dose Level Tirme)
Characteristics That Vary Between Samples Mone

Publication

Submission Date 2004-11-14




Select Arrays for Analysis

Gene Expression Prefiling of Fadd/N Rat Livers After Acute Acetaminaphen Exposure

Exparmani 1 of 1

?Tliru Array Mame Sample Name Dase Level . Thime
1500mg_Acetarninophen_24h_Male_Ral_3018_206559503 1500mg_ARPAP_24hr_3018 1500 mghky | 24 houwr
1500mg_Acetarninophen_24h_MWale_Rat_3019_206550504 1500mg_APAP_24hr_3010 1500mghy 24 hour

- shen_24h_MWale_Rat_3020_Z06550505 1500mg_AFAR_24hr_3020 1500mghe |24 howr
@ Im portant! shen_24h_Male_Rat_Pool 206771750 1500mg_APAP_24hr_Pool_30132_3013_3014 |0 mgikg 28 howr
I 1500mg_Acetaminophen_48h_Male_Rat_3006_206550506 1500mg_APAP_&ahr_3006 1500 mghy |48 hour
r 1500mg_Acetaminophen_45h_MWale_Rat_3007_z06558587 1500mg_APAP_4ghr_3007 1500mghg 48 hour
r |1500mpg_cetaminophen_dgh_Male_Rat_3008_206559502 | 1500mpg_apap_sghr_3008 (1500 mgig |48 hour
e |1Eunmp_.n-:mamlnnphen_-lEIh_Hale_Rat_Pml_:uEEsEEﬂﬁ |15I]|]mp_.W_lEhr_Pnul_3ﬂ[h]_‘3M1_3ﬂDi |I] rglkg 48 howr
r |15I]Dm;|_.#.-:91ar'|1lr'|nr:-hen_Eh_MaIE-_HaLBI] 20_206559590 |15I]I:Im;|_.PF.ﬁ.F_Ehr_3I:13EI |15|]|:| moky 6 hour
r 1500mg_Acstaminphen_6h_Maka_Ral_3031_206555541 1500mg_aP&P_ghi_3031 Ms00mgkg & nour
r 1500mg_Acetarninophen_Bh_Mabe_Ral_3032_J0B553592 1500mg_APKP_Bhi_3032 1500 mghy |6 hour
» 150mg_Acetaminophen_24h_Mabe_Ral_3069_206266694 150rmig_APAP_28hi_J069 150 rngfky 28 hour
r |15Urn-;_.hwtam|n-:-phan_zln_mma_ﬂa1_3tlru_:nﬁzﬁﬁﬁas |1s-um-;_.!-F-!.=-_zlhr_3n?n |15u kg 24 hour
r |1ﬁlilmg_i.c-hlminuphln_i'lh_Haln_ﬂdju?l_InB:BE!s! |1ﬁumg_iPJP_i'lhr_3nH |15|;| malkg 28 hour
= 150rg_Acetaminophien_2dh_Male_Ral_Pool_JOBT71740 150rmg_APAP_2&hi_Pool_3064_3065_3067 (D0 mgikg 24 hour
i 150mg_aAcetaminophen_48h_Msba_Ral_3057_206559587 150mg_APAP_48hi_J057 150 kg 48 hour
H| a0mg_Acetaminophen_Bh_Male_Rat_3126_2065595749 a0mg_APAF_Bhr_3126 a0 mglkg B hiour
] S0mg_Acetarminophen_Bh_Male_Rat_3127_206559580 S0mu_APAP_Bhr_3127 50 mafky & hour
N a0mo_Acetaminophen_Bh_Male_Rat_Pool_206559657 almg_AFPAP_Ghr_Pool_3131_3132_3133 0 mofko B hour

H sack

H Continue
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Data Sel Preprocessing Opllons

Spot Fikering

Intensity Threshold [z0
Consiger Intensty wnder Threshold a3 [Treesha =]
Filter by Abanhute ©all [Inclutia all probe sets =)
Consiger Excuted Probe Sets a3 [Messing vaka =]

ScaingMarmaization
SraleMormalze by | Mean miensity af all prooe sets =]
Trim ["UL'
Tarpst Intensity 500 =
I™ Pertarm Crossarray Narmaization Based on | ntee-quartile mnge = |

Bl oo

Microarray Dala Analysis Options

& processed data sef has been generated s stored 2 the server and reasy for lurther anakyses

YO ATE N TEAG [0 CONGMLES MICTOATY anakess on e preproces5ed data by cicking “AnakTe
Freprocessed Data®, albermatreshy, you may choose (0 wiew the exploratony piots of the: preprocessed
data hefare you oo anead for utner anakyses, by clickng =isualee Freprocessed Oaia®

- Rmalyrs Preprocessad Dala
' Visualize Preprocessed Data
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Perform Comparison Analysis to ldentify Differentially Expressed Genes

Differentially expressed genes are identified by magnitude and statistical significance (when applicable) of the difference. CEBS
provides several statistical tests, as well a5 means to control False Discovery Rate (FOR) and Famiky-wise Error Rate (FWER) for
COMparison analysis.

# comparison of Two Groups of Arrays: The comparison will be perfarmed hetween the expression values (i.e. intensities
or ratio, possibly with log transformation) of different groups of arrays. This type of comparison can be used with Affymetrix
GeneChip data, two-channel array data with comrmon reference, or whenever it is appropriate to cornpare the ratios between
groups of arrays.

" Comparison of Samples in the Same Arrays: This type of comparison is based on the deviation of the ratios (of
intensities between two channels) from 1, or log-ratios from 0. The statistical significance will be based on variance of expression
values for each gene across replicate arrays. No cross-gene error model is used in current implementation.




Select Arrays for Comparison Analysis

Please select arrays hal you wish Lo comgare, gither with ar withauf replicabes. IF there are replicates for both conditions, statisical significance wil be
evaluated using the methods on the nest page

Experiment Array Hame Sample Name Aty Group A Array Group B | Neither
9223858544 | 1500mg_Acetsminophan_24h_Maka_Ral_3018_206559553 | 1500mg_sFaF_24hr_3018 i '
522309544  1500mg_Acelaminophen_24h_Mabe_Ral_3019_206559594 | 1500mg_APAP_24hr_3019 » -
577395544 | 1500meg_Acetaminophen_T4h_Mabe_Ral_3070_206559595 | 1500mg_APAF_24hr_30%0 r r
571308544 1500mg_Aratsminophan_24h_Maka_Rt_Pool_206771750 | 1500mg_APAP_24nr_Ponl_3012_3013_3014 r & e
522388544 | 1500mg_Acetaminoghan_48h_Make_Ral_Pool_206559665 | 1500mg_AFA&FP _4&8hr_Fool_3000_3001_3002 " =
577308544  150mg_Acetaminophen_24h_Male_Ral_Pool 206771749 | 150rmg_APAR_Zéhe_Pool_3064_J065_3067 » '»

n Hack

I Copt i I Resei




Define Criteria for Differentially Expressed Gene(s)

»>» Minimum Fold Change: |2

=»> Btatistical Significance: [only applicable when comparing multiple samples/arrays)

Step 1. Choose the following test for each gene:

= ttest Welch's two sample t test
T Wilcoxon test Mann-Whitney test

Step 2. Choose a pevalue threshold and a multiple testing procedure to apply:

& Directly use single gene test pvalues at threshold Dle.DE 'I
" Control False Discovery Rate (FDR) with adjusted p-value beluwlﬂ-1 ‘I
Method to control FOR
* Benjamini & Hochbery step-up procedure
" Benjamini & Yekutieli step-up procedure
' Control Family-wise Type-l Error Rate (FWER) with adjusted pvalue below | 0.1 "I
Wethod to control FVWER:
@ Holm step-down procedure
' Sidak single-step procedure
' Sidak step-down procedure

" Bonferroni
¢ Donot use the gevalues for gene selection

Bl Back @ B Reset




Biological Analysis of Gene Expression Data

Biological analyses are performed on the result of previous statistical analysis, e.g. the cormparison analysis.
Biological annotation and information about categories of biological activities (CBA) frorm different sources are
incorparated during this stage of analysis to facilitate understanding of gene expression data.

&+ View Expression Report for All Differentially Expressed Genes
" Perform Gene Category Analysis by BioCarta Pathways
" Perform Gene Category Analysis by KEGG Pathways

' Perform Gene Category Analysis by Gene Ontology (GO)

Disclaimer:  Acadermicians and non-academicians rmust refer to BioCarta Terms and Conditions and KEGS
Terms and Conditions for additional use of this material.

n Back n Continue
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KEGG Palhway Analysis Reporls

Peattreuay Informialion Provided by FEGG

KESS prowides mformation aoout biological pathnways. such as Giyeerolipid metabolism and Histidine mefabelism. Feiated KESS pathways are
arganized together o represent more general functienal categenes, such as Lipkd Metabolism and Energy Metabolism. CEBS ublizes KEGE
patiweay infarmation to bin ganes inta categores aof binlogical acthdbies and evaluates gene espression at both indnadual patireay and the
functional categary leels.

* Wiew Expression Report for KEGGE Functional Categories

The Expression Repord for BEGG Frrctions! Categorses provides ooerall gens expression informalon for each funclional calegoey. L al=o
link% Lo Expression Keport for FPathwaps and Garaswthin gach catégory.

© Yiew Expression Report for KEGG Pathways

CEBS Expression Raport for Patfways presenis pane sxprassson charatienstics at the pathwsy leval, Alzo prowided s links to Exprassion
Raport for Ganas within a given pathway ard KEGE Pathay Disgmms (sith difizrentisly exprassed genes highlighted in red)
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Gene Ontology Analysis Options

CEEBES provides gene category analysis through Gene Ontology (GO, a controlled vocabulary built by The Gene Ontology Consortium.

G0 defines three broad aspects of categories (see below). The children categories of these aspects represent lower levels of granularty
with higher specificity.

Aspect Type Definition

hroad hiological goals, such as nytesis or purine metabolism, that are accomplished by ordered assemhblies of molecular
functions

the tasks performed by individual gene products; examples are carbofydrate hinding and ATPase activity

Biological Process

Molecular Function

subcellular structures, locations, and macromaolecular complexes; examples include Ruclens, teforere, and origin

Cellular Component recognition complex

CEBS allows users to evaluate gene expression of GO categories at different granularity lesels of a given aspect. Each GO category will be
evaluated and ranked based on relative degree of change in gene expression. In addition to overall expression summary, detailed report of
Expression for genes in each GO category is also provided. Also provided are links to external GO resources for detailed GO annotation.

Select GO categories to be used in analysis:

GO Aspect Type Granularity Level
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CEBS is designed to be used both as a public resource and as a public-
private resource.

Users can create a private area in CEBS, upload their data and then
analyze their own data using CEBS tools, or select data already in CEBS
on the same platform, and combine public and private data for analysis.

To set this up, please contact fostel@niehs.nih.gov

CEBS questions?
Interested in sharing your data in CEBS?

contact fostel@niehs.nih.gov
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